Abstract: Food webs in the littoral zones of shallow lakes are inherently complex. Submerged macrophytes are considered refuge areas although they host potential predators for zooplankton. During spring : summer of 2000/2001, we carried out two mesocosm experiments in Los Padres Lake, a shallow macrophyte dominated lake of the Argentine Pampa plain. We investigated the effect of littoral fish predation on zooplankton and the role of submerged macrophytes and benthic macroinvertebrates in the zooplankton-fish relationship. Treatments differed in macrophyte cover (0-65 % PVI) and fish presence. In both experiments, we determined zooplankton abundance and body size distribution, as well as macroinvertebrate abundance. The addition of the small littoral fish Astyanax eigenmanniorum (Characidae, Tetragonopterinae) to the enclosures had either a positive or a negative effect on large zooplankton, especially on calanoid copepods, depending on macroinvertebrate densities and availability. Fish did not impact on small size Cladocera. Instead, littoral fish preferred macroinvertebrates to zooplankton, and thus, the impact of fish predation on plankton community depended largely on the macroinvertebrate abundance. Therefore, our results suggest that macrophyte-fish complex could enhance or depress zooplankton abundance and that the effect is related with predatory macroinvertebrates associated with vegetation.
Introduction
Predation is one of the key factors governing patterns in natural ecosystems (SIH et al. 1998) . Fish predation is a size-selective process, and zooplankton accordingly display alternative strategies and behaviours to avoid it, including reduction of body size (HAMBRIGHT 1994 , BERTOLO et al. 1999 ) and pigmentation (ZARET & KERFOOT 1975) . In shallow lakes, die1 horizontal migration (DHM) from pelagic to littoral zones may serve as an effective mechanism against fish predation (LAURIDSEN & BUENK 1996 , LAURIDSEN et al. 1998 , STANSFIELD et al. 1997 . For example in eutrophic Danish lakes, both large and small cladocerans (like Duphnia, Cerioduphniu and Bosmina) migrate during day-time to submerged macrophyte stands (LAURIDSEN & BUENK 1996 , LAURIDSEN et al. 1998 .
Submerged macrophytes are considered refuge areas against fish predation due to their structural complexity (CARPENTER & LODGE 1986 , BURKS et al. 2001 . In addition, they host a rich epiphytic fauna (KORNIJ~W & KAIRESALO 1994) , including macroinvertebrate predators (SIH 1987 , JOHNSON 1991 , PA-TERSON 1994 , young of the year (YOY) fish and littoral fish (WHITESIDE 1988 , DIEHL & EKLOV 1995 , HALL & RUDSTAM 1999 . Besides searching for their own refuge in littoral areas, YOY and littoral fish also forage among macrophytes and therefore constitute a risk for zooplankton, particularly for large individuals (BURKS et al. 2002) . Macrophytes thus mediate multiple processes like predation, cannibalism and competition. Whether macrophytes constitute an anti-predator refuge or potential risk areas likely depends on the local composition of the littoral food web.
Macroinvertebrate predators have been overlooked as key organisms in littoral zones. Macroinvertebrate predators have a central role in the littoral food web because they prey on smaller organisms, like cladocerans, but also serve as food for fish and in this way mediate the cascading effect to lower levels. Several laboratory or field studies evidenced the role of benthic macroinvertebrates as predators of zooplankton ( A R N~R et al. 1998 , HIROVEN 1999 , ZIM-MER et al. 2001 , but most of the field experiments concerning predation in the littoral zone were focused on zooplankton-fish or macroinvertebrate-fish interactions (MITTELBACH 1988 , Moss et al. 1998 , DIEHL & KORNIJ~W 1998 . Under this scenario, the study of JOHNSON et al. (1996) constituted a rare example, as they focus on the strength of the effect of fish and dragonfly on benthic macroinvertebrates in the littoral food web. However, studies like this, considering the zooplankton-macroinvertebrate-fish interaction strength, still need to be considered in detail.
The Pampa plain of Argentina contains a series of poorly studied shallow lakes heavily vegetated with different types of macrophytes. Fish communities are extremely rich (RINGUELET 1975) , among this assemblage Astyunux eigen-manniorum (COPE) (Characidae, Tetragonopterinae) is considered an abundant small littoral fish that could be included into the zoobenthivorous niche as macroinvertebrates are, mainly, part of its diet ( GROSMAN et al. 1996 , VILELLA et al. 2002 .
In this study, we investigate the trophic interactions in the littoral zone of a typical shaIlow, macrophyte-dominated lake of the Pampa plain, Los Padres Lake. Our objectives included: 1) to test whether predation by the fish A. eigenmanniorum impacted zooplankton abundance and size structure, 2) to examine the effect of submerged macrophytes on A. eigenmanniorum predation on zooplankton, and 3) to examine the role of macroinvertebrates in relation to zooplankton and fish predation.
Study area
Los Padres Lake is located in the Pampa plain of the Buenos Aires Province (Argentina) at 37" 56's and 57" 44'W. This shallow lake (Area = 2 km2; Mean Depth = 1.8 m) has a polymictic thermal regime and alkaline waters (pH = 8.6). The transparency is variable with turbid and clear periods alternating from year to year (Secchi disk depth ranged from 40 to 90cm during 1998/2002). Although no summer mean Chlorophyll-a and TP concentrations are available, reported data showed that both parameters varied inter-annually. Values ranged from 20 up to 9OpgL for Chl-a and from 100 up to 400vg/L for TP during . These values allow us to consider this lake as eutrophic.
In the littoral zone of Los Padres Lake, Schoenoplectus californicus (MEYER) STEUD. constitute an outer ring around the whole lake while in the inner part, different species of submerged macrophytes dominate, being Potarnogeton pectinatus RUIZ and P A V~N and Ceratophyllurn dernersurn L. the dominant species. Vegetated areas host small fish species, birds and a rich macroinvertebrate assemblage. Jenynsia lineata (JENYNS), Cnesterodon decenrnaculatus (JENYNS), A. eigenmanniorum and juvenile Cichlasorna faceturn (JENYNS) constitute the littoral fish assemblage that are forming schools and swimming among the edge and inner part of the macrophyte stands or like C. fasceturn which is nesting there. Fish are generally omnivorous preying on zooplankton and macroinvertebrates. Coots (Fulica leucopteru VIEILLOT) and blacknecked swans (Cygnus rnelancoryphus MOLINA) are the mainly vegetarian and more abundant birds in the lake. Ducks (Anas versicolor VIEILLOT and A. cyanoptera VIEIL-LOT) are also present and could impact on aquatic vegetation as well as on macroinvertebrates, while Podiceps rolland QUOY and GAIMARD (white-tufted grebe) feed mostly on fish and macroinvertebrates and is also abundant in the littoral zone (DEL HOYO 1987 , CANEVARI et al. 1991 . Macroinvertebrate assemblage is very rich and comprise water mites (mainly Pionidae), Palaemonetes argentinus (NOBILI) (grass shrimp) and Zygoptera larvae (Coenagrionidae) as the most abundant predators (GONZ~LEZ SAG- RARIO, unpubl. data) . Littoral rotifers (mainly Euchlanis), cladoceran (like Alona and Chydorus), and ciclopoid copepods dominate the microinvertebrate assemblage of the littoral zone, but pelagic cladoceran species like Ceriodaphnia, Moina or Bosmina are also present in C. demersum stands (GONZALEZ SAGRARIO, unpubl. data) .
In open waters, the zooplankton community is mainly composed by medium to small sized cladocerans like Bosmina (Neobosmina) huaronensis DELACHAUX, Ceriodaphnia dubia RICHARD, Moina micrura KURZ, and Diaphanosoma brachyurum (LIE-VIN). During short periods the large cladoceran species Daphnia (Ctenodaphnia) spinulata B I R A B~N also occurs. Two species of calanoid copepods are present: Notodiaptomus incompositus (BRIAN) and Boeckella bergi RICHARD, with the former being dominant. Acanthocyclops robustus (SARS) dominates the cyclopoid copepod assemblage.
Materials and methods

Experimental setup and sampling
During spring 2000 and summer 2001, we performed two mesocosm experiments in an area of 1.30m in depth covered by C. demersum. Each treatment occurred in closed enclosures of plexiglass (100 pm in thickness; 1 m in diameter and 2 m in height) (N = 3). Enclosures had hoops at each end, so they were open both to the atmosphere and the bottom sediment and were suspended 40cm above the water surface from a steel frame weighed with bricks.
We conducted the first experiment between 28 November and 6 December 2000 with two treatments: without fish (treatment 1) and with 5 fish per enclosure (treatment 2), reaching a density of 6.35 fish/m2. All the enclosures contained macrophytes (C. demersum) with a percent of volume infested (PVI) = 65 and natural lake zooplankton.
We then conducted a second experiment in the end of summer, between 12 and 26 March 2001, with a higher fish density and three treatments. In the fishless treatment (TI), we filled enclosures with lake water and natural lake zooplankton. In the fish treatment (T2), 10 fish per enclosure (equivalent to 12.74 fish/m2) occurred with lake water and natural lake zooplankton. In the third treatment (macrophyte+fish) (T3), we placed 10 fish per enclosure (equivalent to 12.74 fish/m2) with a submerged macrophyte (C. demersum) and natural lake zooplankton. We placed the plexiglass enclosures in an area free of macrophytes.
In both experiments, we used A. eigenmanniorum, a littoral small fish of 4 to 5 cm in length. Enough C. demersum was added to the enclosures to achieve 65 PVI, corresponding to 558.79g of dry biomass/m2. The PVI performed in the enclosures exceeded the threshold of 15-20% reported by SCHRIVER et al. (1995) for macrophytes to bring a refuge effect to zooplankton, and resembles natural lake conditions. We washed the plants and rinsed off macroinvertebrates in experiment 2 to avoid a difference among enclosures withlwithout (bare sediment) vegetation. At the beginning of both experiments, we enhanced zooplankton concentration in the enclosures by adding zooplankton collected from the lake with a plankton net of 65 pm mesh size in a relation of 2 x in respect to the background conditions. Unfortunately, these methods failed because initial zooplankton concentrations resemble to the one in the lake.
We sampled each enclosure and the lake every two or three days for the complete duration of the experiments, except for the second experiment where the last two measurements occurred after 4 and 6 days. We assessed initial conditions through sampling in day 0 and testing statistical differences. We collected composite samples of 12 L with a 6 L Schindler Patalas trap at 0.5 m and 1 m depth, and collected 1 L for chemical analysis and filtered the remaining volume through a 65 pm mesh net for zooplankton quantification. We sampled macroinvertebrates qualitatively, dragging a net of 500pm mesh size from the bottom to the water surface (and through macrophytes when present, knocking the net against them) along each enclosure covering a total volume of 20 L. We invested the same amount of time in each sampling. We preserved all samples in 4 % formaldehyde solution.
Laboratory methods
We quantified zooplankton in a Bogorov chamber of 5 ml, and macroinvertebrates under a stereomicroscope. We subsampled zooplankton if necessary and counted all macroinvertebrates present in the sample. Also, we measured crustacean body length on 20 randomly-selected individuals per species and per sample. We categorized separately calanoid copepods in copepodites (I, 11, 111, IV+V) and adults (male and female).
We determined total phosphorus (TP) and total dissolved phosphorus (TDP) respectively on 100ml of unfiltered and GF/C filtered lake water. We digested TP and TDP samples with potassium persulphate at 125 "C and 1.5 atm for 1 h, and determined phosphorus concentration by the ascorbate-reduced molybdenum blue method (APHA 1989). We measured phytoplankton biomass as Chlorophyll-a concentration (Chl-a), filtering a volume of 150-400 ml through a Whatman GF/C filter and extracting the pigment in 90 % acetone. We calculated Chl-a concentration according to the monochromatic method of LORENZEN (1967) following absorbance readings at 665 and 750nm. For Chl-a and TDP determination we used Whatman GF/C filters with 1.2pm a pore size of. We also measured Chl-a, TP and TDP in the lake as a control of our experiment.
Statistical methods
We tested differences on initial conditions on data for zooplankton and macroinvertebrate abundances and Chl-a, TP and TDP concentrations using t-test (experiment 1) or One-way ANOVA (experiment 2). Thereafter, we analysed treatment effect using a two-way RM-ANOVA (Reapeted Measures ANOVA) considering treatments as the factor and time as the repeated measures. For post hoc comparisons we performed the Newman-Keuls test (UNDERWOOD 1997). To compare correlation among prey abundance and macroinvertebrate predators we performed Pearson correlations. For all tests, we fixed the level of significance at 0.05. We previously tested normality and homogeneity of variance and when data did not meet these assumptions we performed log 10 or square root transformations depending the on case.
We also estimated the net effect of predation (NE) by determining the net effect of each predator treatment on each prey taxa following JOHNSON et al. (1996) . Net effects are the percentage by which each prey densities in treatments without predator change in predator treatments, NE = 100 * (Y-y)/y, where Y is the prey abundance in the predator treatment and y the prey abundance in the predator free treatment. We characterized net effects as weak (INEI <25 %), moderate (25 % I lNEl150 %) and strong (lNEl> 50 %). We calculated NE using untransformed data from all enclosures in each treatment and for all sampling dates. According to JOHNSON et al. (1996) , we associated significance of NE with statistically significant treatment effect in RM-ANOVA, maintaining an experimentwise error rate of a=0.05.
Results
Experiment 1
Initial zooplankton abundances on day zero were not significantly different between treatments (t-test: N. incompositus: females: t = 0.08, V+IV stages t = 1.17, and I1 copepodite stage: t = 0.86; B. huuronensis: t = 1.8, as some examples, df = 4 and P >0.05 for all cases). Neither were Chl-a concentration (ttest: t = 1.88, df = 4, P >0.05) nor Secchi disc depth (t-test: t = 7, df = 4, P > 0.05).
At the beginning of the experiment, C. dubiu and B. huuronensis dominated the zooplankton community, reaching abundances higher than 300 and 100 ind./L, respectively. Their populations decreased significantly towards the end of the experiment in both treatments (Fig. 1, Tables 1 and 3) , independent of fish presence. C. dubiu declined in the enclosures correlated with the decrease in C. dubiu lake population (Pearson's correlation: 1-2 = 0.85, F3.3 = 24, Pc0.07). In addition, no clear fish predation effect occurred for cladoceran populations, not even for Duphniu spinuluta (Fig. 1, Tables 1 and 3) . Moreover, no significant correlation occurred for mean D. spinulutu abundance and mean abundance of other predators found in the enclosures like water mites (Pearson's correlation: 1-2 = 0.17, F8.8 = 2.4, P >0.05) or damselfly (Pearson's correlation: 1-2 = 0.02, F8.8 = 1.4, P >0.05).
We detected a significant fish effect on N. incompositus population (Table  3) , finding higher abundances of some stages of this calanoid copepod in the fish treatment than in fishless enclosures (Fig. 2) . In particular, a significant difference between treatments occurred for females and the copepodites stages IV+V and I1 (Fig. 2, Tables 1 and 3) . We found adults and cyclopoid copepodites evenly distributed between treatments (Fig. 2, Tables 1 and 3) . We recorded no significant differences in cladoceran body size or in copepod age distribution between treatments for any of the sampling dates (some examples for the last measurement: B. huuronensis: t = 0.34, df = 19; C. dubiu: t = 0.69, df = 16; D. spinuluta: t = 1.45, df = 21; N. incompositus: female: t = 0.45, df = 29; male: t = 1.26, df = 28; V+IV copepodite stage: t = 0.16, df = 18; P>0.05 in all the cases). Net fish effect (NE) on zooplankton was positive in the majority of the cases. N. incompositus females, copepodite stages V+IV and I1 experienced a strong to moderate positive significant net fish effect (NE: 57.3, 46.3 and 38.04 %, respectively). For the rest of the calanoid sized fractions we found moderate non significant net fish effect and in the particular case of D. spinuZutu, NE accounted 60 %, but based on RM-ANOVA this effect was not significant. We found macroinvertebrates dominated by chironomid larvae in both treatments. However, several predators such as Zygoptera larvae and acari (Pionidae) also occurred in the assemblage. Oligochaete abundance (represented by Pristina and Chaetogater) decreased significantly in presence of A. eigenmanniorum. Other macroinvertebrate taxa like Zygoptera and chironomid larvae showed a significant interaction between fish presence and time, meaning that fish effect was depending on time and furthermore, that the increase in time exposure increases prey mortality. For Zygoptera and chironomid larvae, abundances in the fish treatment decayed after the first day and thereafter remained low (Fig. 3, Tables 1 and 3) . We did not find a significant fish effect on acari abundance, nevertheless mean overall abundance was lower under fish treatment (Table 1 ) in which N. incompositus female and V +IV copepodite abundances enhanced significantly (Table 3 , Fig. 2) . Moreover, we found a significant negative correlation between the abundance of female and copepodite stages V+IV of N. incompositus and mean acari abun- Net fish effect was negative for most macroinvertebrates. Fish produced a strong negative significant NE in oligochaetes (NE = -61.5 %), a moderate non-significant effect for chironomids (NE = -30.05 %) and a weak effect for acari (NE = -21.3 %).
We recorded an increase of Microcystis aeruginosa KUTZING and Botryococcus braunii KUTZING during the experiment and these species accounted for the major fraction of the phytoplankton biomass and assemblage. No difference in chlorophyll-a or Secchi depth occurred between treatments (Tables 2 and 3).
Experiment 2
Initial experimental cladoceran and calanoid concentrations, tested by Oneway ANOVA, revealed no significant difference between treatments on day 0 (e.g.: D. brachyurum: F2.6 = 0.6, M. micrura: F2.6 = 0.6, N. incompositus: F2.6 = 0.2, in all cases P >0.05).
The cladoceran species D. brachyurum and M. micrura dominated the zooplankton community, reaching 100 and 60 ind./L, respectively at the beginning 27.9 *** Tl-T3/T2-T3 11.4 *** Tl-T3/T2-T3 12.1 *** 8.6 *** Tl-T2/Tl-T3 of the experiment (Fig. 4) . We also found C, dubia, but in a lower abundance in respect to the other cladoceran species present in this experiment (Fig. 4) . We did not detect a clear fish predation effect for cladoceran populations (Tables 1 and 4) . D. brachyurum exhibited significantly lower densities under fish presence compared to fishless treatment only on 14 March (i.e. after fish introduction in the enclosures) (One-way ANOVA: F2.6 = 13.0, P<O.Ol), but not afterwards (Fig. 4, Table 4 ). D. brackyurum and M. micrura populations decreased significantly over time in the experiment (Table 4 , Fig. 4) . The temporal dramatic decrease in D. brackyurum and M. micrura densities occurred after the first 2 days of the experiment, as Newman-Keuls test reported no significant differences after these sampling dates (P > 0.05). Moreover, the decline of both cladocerans correlated significantly with lake population decline In general, fish predation did not impact significantly on the copepod assemblage (Tables 1 and 4) . However, the calanoid copepod N. incompositus showed differences among treatments as the V+IV copepodite stage decreased significantly under macrophytes +fish treatment (T3) (Fig. 5, Table 4 ). Moreover, a net predator positive effect occurred when comparing the copepodite V+IV stage between fishless treatment (Tl) and fish treatment (T2) (NE = 25.5 %), while a significant negative net effect accounted in the macrophyte+fish treatment (T3) (NE = -34.4 %) (P <0.05 in all cases). On the contrary, A. eigenrnanniorum produced no clear effects on the other fractions of the calanoid population (Fig. 5, Tables 1 and 4) . Cyclopoid copepodite abundance changed significantly during the experiment when considering the temporal scale (Fig. 5, Tables 1 and 4) .
Notodiaptomus incompositus
3-
We recorded significantly more macroinvertebrates in the macrophytes + fish treatment (Tables 1 and 4) . Zygoptera, oligochaetes and Chironomidae larvae dominated the assemblage at the beginning of the experiment (Fig. 6) . Qualitative trends showed that macroinvertebrate abundance declined in the fish treatment after addition of A. eigenmanniorum (Fig. 6 ) . Alternatively, in the macrophytes +fish treatment both groups of macroinvertebrates, predators and non-predators increased their abundances significantly (Tables 1 and 4 ). In the case of predators like Zygoptera larvae, the presence of macrophytes resulted in a positive effect, preventing fish predation (Fig. 6, Table 4 ). Also in the macrophyte+ fish treatment, the abundance of calanoid copepodite stage V + IV, as described above, decreased significantly compared to fishless and fish treatments, and a negative significant correlation occurred between the mean abundance of copepodite stage V+IV and mean Zygoptera abundance (Pearson's correlation: 3 = 0.32, F13.p, = 3.65, P<0.05).
During the experiment, the lake experienced an increase of the cyanobacteria Anabaena spp. The presence of C. demersum in the third treatment created a positive effect in water transparency (Tables 2 and 4) . We found higher chlorophyll-a, TP and TDP concentration in this treatment (Table 4) , especially after the set up of the experiment (One way ANOVA: Chl-a: F2.6 = 72.08, TP: F2.6 = 31.23, TDP: F2.6 = 9.18; in all cases P<O.OOl). The significant higher values in the macrophytes+fish treatment are the result of the periphytic chlorophyll associated to C. demersum that gave off when we introduced the plants into the enclosures, wind-driven resuspension or to a sampling procedure. We did not record a difference in TP concentration between treatments, but we observed higher levels of TDP in T 1 (Table 2 and 4).
Discussion
Considerations about the experimental design
The duration of our first and second experiment was 9 and 14days, respectively. Unfortunately, strong wind storms precluded the continuation of both experiments. This time duration can be considered too short to detect significant indirect results. However, we believe that the two experiments showed the direct and combining effect of a littoral fish, macrophytes and macroinvertebrates on zooplankton community and size structure. Therefore, our results indicated that the complexity of the littoral food web and the general statements as "macrophyte as refuge areas" should be considered in Pampa plain lakes, or other lakes, with a rich macrophyte-macroinvertebrate assemblage.
The scale of our closed-enclosure system proved sufficiently large as no biases toward increasing significant effects were found. Caged-effects were expected including periphyton development on the walls of the enclosures, but not a negative effect on the zooplankton or fish due to increase of temperature. Moreover, the decline on Cladocera populations in the experiments may be associated with an intrinsic/extrinsic (like cyanotoxins) factor(s), as the same populations fallen also occurred in the lake. In addition, any removal sampling effect is diminished in this case. It is possible that Cladocera decline could be associated to the increase of cyanobacteria reported in the experimentshke, as the noxious effect of cyanotoxins on these microcrustaceans is well documented (FERRAO- FILHO et al. 2000) .
Even when enclosures in the second experiment were set-up in a littoral area free of macrophytes, what intended to homogenize macroinvertebrate distribution among treatments, macroinvertebrate distribution was biased. The fishless treatment (T 1) sustained lower abundances than the rest, and the macrophyte+fish treatment (T3) higher ones. This differential macroinvertebrate distribution did not allow the detection of a fish predation effect on macroinvertebrates or an indirect effect on zooplankton. Nevertheless, the existence of a macroinvertebrate abundance gradient permitted to establish a correlation between macroinvertebrate and zooplankton abundance, determining a negative correlation of macroinvertebrate predators on each zooplankton Prey tY Pea
Direct and indirect fish predation effects
Indirect effects occur when the impact of one species on another requires the presence of a third one. They can arise, for example, through linked chains of direct interaction. Trophic cascades and exploitative competition are examples of indirect interaction chain effects (WOOTON 1994) . In complex structured areas as littoral zones, alternative prey may mediate a refuge effect for large zooplankton against fish predation or furthermore, fish could release zooplankton from intermediate predators. Likely, in our first experiment we found that larger size-classes like N. incompositus females (1.1 mm) and different copepodite stages increased in fish treatment and also that fish had a moderate to strong positive net effect on this prey. Moreover,. qualitative and quantita-tive trends support the idea of a predation fish effect on macroinvertebrates. For example, oligochaetes declined significantly under fish treatment, a negative moderate to strong fish effect occurred on different macroinvertebrate taxa, and the interaction of fish presence and time led to significantly lower chironomid and Zygoptera larvae abundances. These findings evidence that size-selective predation is at work across taxonomic group and this trend suggests that A. eigenmanniorum preferred or foraged more efficiently on larger prey such as macroinvertebrates instead on larger zooplankton. Cladoceran assemblage in Los Padres Lake consisted of small and medium-sized species. B. huaronensis, C. dubia and M. micrura are below 0.6mm in body length, and this size is likely to be effective in escaping from predation of visually oriented planktivores (BROOKS & DODSON 1965) . HAMBRIGHT & HALL (1992) , BEKLIOGLU & Moss (1996) and Moss et al. (1998) also document the lack of fish effect on small cladoceran, but SCHRIVER et al. (1995) and LIESCHKE & CLOSS (1999) found a high fish predation pressure on small zooplankton like Ceriodaphnia or Bosmina. In this sense, in the first experiment performed in Los Padres Lake, the lack of an effect of A. eigenmanniorum on the small and large size fraction of the zooplankton populations must be related to the shift to larger prey like macroinvertebrates and not to a visual detection issue.
In our second experiment, we did not observe a fish predation effect on the different zooplankton size fractions. Under the fish treatment, macroinvertebrates declined and we found no clear effect of fish on cladocerans or copepods. Instead, under the macrophyte+fish treatment, macroinvertebrates were more abundant, most likely because C. demersum acted as a macroinvertebrate refuge against fish predation and in this case, a negative impact on copepodites stage V+IV occurred. Fish diets are very broad and dynamic as the result of the variability and availability of larger prey, even in the case of fish with clear preferences (EGGERS 1982) . In addition, the ontogenetic size-dependent shifts from microcrustaceans to macroinvertebrates may be highly variable and this shift in juvenile fish is constrained by competition with other planktivorous and benthivorous fish (GARC~A-BERTHOU 1999, GARC~A-BERTHOU & MORENO-AMICH 2000 , HJELM et al. 2000 , PERSSON & BRONMARK 2002 . In particular, Astyanax species are described as omnivorous, highly opportunistic and with a broad dietary spectra highly dependent on resource availability (Es-VILELLA et al. 2002) . In our experiments, we used fish ranging on 4.5-5cm in length. Based on the facts that A. eigenmanniorum is a more insectivorous species (VILELLA et al. 2002) and that ontogenetic diet shift occurs in some Astyanax species when a size class higher than 5-6cm is reached (ESTEVES 1996) , we expected a fish predation impact either on zooplankton or macroinvertebrates depending, mostly, on the availability of these food items. In both experiments, fish did not impact on the different zooplankton fractions, more- over qualitative and quantitative trends in experiment 1 suggest that A. eigenmanniorum depressed macroinvertebrates. Furthermore, net fish predation effects were significantly strong to moderate positive on copepods in experiment 1, while in experiment 2 we found a positive net effect in fish treatment (T2) for the V+IV copepodite stage, but a negative in macrophyte+fish treatment (T3) that sustained significantly more Zygoptera larvae in respect to T2. In addition, significant effects on larger size classes of the calanoid populations, like N. incompositus females, copepodite stages V+IV and 111, were negative and strongly correlated with predacious macroinvertebrates abundance (acari in experiment 1 or Zygoptera larvae in experiment 2). Accordingly, A. eigenmanniorum produced an indirect effect on zooplankton through the regulation of intermediate predators, like macroinvertebrates, and cascading down the direct fish effect on macroinvertebrate prey to the zooplankton trophic level.
The structural complexity of littoral zones may favour daphnids and other zooplankton to seek refuge from fish predation. BEISNER et al. 1996) and also, in our lakes, grass shrimps (COLLINS 1999). Under this scenario, zooplankton must face multiple predators and the benefit of escaping from pelagial predators must be balanced with the cost of confronting predators in the littoral zone ( Moss et al. 1998 , SCHEFFER 1998 , BURKS et al. 2001 , BURKS et al. 2002 . Particularly, the shallow lakes of the Pampa plain, like Los Padres Lake, contain an extended littoral zone rich in both small littoral omnivorous fish, like A. eigenmanniorum, and macroinvertebrate predators. As littoral fish are forced to the littoral areas by piscivorous fish, macroinvertebrates have to coexist with their predators and must develop associated adjustments to avoid fish predation as increasing hiding rates (DIONNE et al. 1990) or reducing movements and responsiveness toward prey (MCPEEK 1990). In the case of zooplankton, similar associated trade off must exit to avoid macroinvertebrate predators associated with littoral zones in Los Padres Lake. Small cladocerans are evenly distributed between vegetated areas and open water, while the adults and copepodites of N. incompositus avoid the inner part of the macrophyte beds as well as the edge (GONZALEZ SAGRARIO, pers. obser.). In our experiments, small cladoceran did not experience a direct or indirect fish predation effect, instead the different stages of the N. incompositus population were sensible to indirect predation effects and this might explain the avoidance of the littoral area by the different calanoid size fraction observed in the field.
